In the nonrelativistic case of the Schrodinger equation, composite particles correspond to Regge poles in scattering amplitudes {poles in the complex plane of angular momentum). It has been suggested that the same may be true in relativistic theory. In that case, the scattering amplitude in which such a particle is exchanged behaves at high energies like s~~'& Lsinvo (t) 7 ', where s is the energy variable and t the momentum transfer variable. When t=t~, the mass squared of the particle, then n equals an integer n related to the spin of the particle. In contrast, we may consider the case of a field theory in which the exchanged particle is treated as elementary and we examine each order of perturbation theory. When N & 1, we can usually not renormalize successfully; when e & 1 and the theory is renormalizable, then the high-energy behavior is typically s"(t -tn) 'd (t). Thus an experimental distinction is possible between the two situations. That is particularly interesting in view of the conjecture of Blankenbecler and Goldberger that the nucleon may be composite and that of Chew and Frautschi that all strongly interacting particles may be composite dynamical combinations of one another. We suggest a set of rules for finding the high-energy behavior of scattering cross sections according to the Regge pole hypothesis and apply them to m--7I, m-Ã, and N-37 scattering. We show how these cross sections differ from those expected when there are "elementary" nucleons and mesons treated in renormalized perturbation theory. For the case of 37-37 scattering, we analyze some preliminary experimental data and find indications that an "elementary" neutral vector meson is probably not present. Various reactions are proposed to test the "elementary" or "composite" nature of other baryons and mesons. Higher energies may be needed than are available at present.
I. INTRODUCTION ' 'N conventional Lagrangian field theory, particles of~s pin higher than one give rise to difficulties. If we treat a particle as "elementary, " by analogy with the electron and photon in quantum electrodynamics, we assign it a Geld and consider a Lagrangian in which there is a free-field term for the particle and also coupling terms to other fields. We expand in a perturbation series, renormalizing masses and coupling strengths, and look at the behavior of each order.
When the spin of the particle is higher than one (and, in some cases, when it equals one) the resulting theory is unrenormalizable or divergent in each order. ' The divergences are connected, loosely speaking, with a singular behavior at high energies of scattering amplitudes in which the particle of high spin is exchanged. Now objects of high spin obviously exist in nature, and therefore from the point of view of renormalizable field theory they have to be regarded as "composite. "
Somehow, when a composite particle of high spin is exchanged, the singular behavior of the scattering amplitudes is avoided. Regge, ' investigating the nonrelativistic Schrodinger equation, has found what is no doubt the mechanism by which composite states of high spin make themselves respectable. This mechanism *Work supported in part by the Alfred P. Sloan Foundation and the U. S. Atomic Energy Commission. The research was begun under the auspices of the High-Energy Physics Study Group (HEPS) at the Lawrence Radiation Laboratory of the University of California at Berkeley in the summer of 1961, All the authors were at that time members of HEPS.
For the case of the graviton, having mass zero and spin 2 and obeying Einstein's nonlinear equation that satisfies the gauge invariance of general relativity, the question of renormalizability has not been settled. ' T. Regge, Nuovo cimento 14, 951 (1959); 18, 947 (1960) . 2 can apply just as well to states of spin 0, -'"or 1, and one is led naturally to the conjecture' that all dynamical bound and resonant states follow the Regge type of behavior.
For spins 0 and -'"however, and sometimes for spin 1 as well, we have the alternative possibility of considering a bound or resonant state as coming from an "elementary" particle in the sense described above. In many cases, one can exhibit, in every order of the resulting renormalizable field theory, the high-energy behavior of amplitudes in which the "elementary" particle is exchanged. This perturbation theory behavior is very different from that of the Regge case. We shall use the words "elementary" and "composite" to de- scribe the two situations, even though the applicability of these words depends on perturbation theory in one case and on conjecture in the other.
Recently, Chew and G. F. Chew and S. C. Frautschi, Phys. Rev. Letters 7, 394 (1961) .See also reference 14. 5 It is also possible that the other particles are composite in this sense. The most fascinating possibilities are those involving the electron, muon, and photon. Quantum electrodynamics would still be correct at low energies and momenta, but would be gradually cut off at high momentum transfers by the Regge mechanism without violating causality. For energies below threshold the specific representation (2.3) is not quite correct, but A(l, t) continues to have simple poles at positions n"(t) in the complex t plane; these positions are now on the real axis and represent formally the angular momenta of bound states at value t of the energy variables. The osymptotic behavior of T(xi,t) for large xi is presumably still dominated by the Regge terms: ( 3 8) Using (3.7) and (3.8) we obtain a result that comes just from the assumption of the pure decay p~2 x . 
(3.14)
( we may write the form of the relevant meson pole term: For simplicity, we shall usually drop the x and Ã subscripts on $(1) and $(2)" Note the presence of the factor t/2m ' in the quantity raised to the power 2'(t) -2 is purely arbitrary. In m-/ and 37-37 scattering, we shall use 2m m~and 2'', which are equally arbitrary. In general, any constant raised to the power 2np(t) -2 can be absorbed into F(il. In either of these cases, however, we would have to ignore the slight indication from experiment that the leading n passes through zero near t= -1 Bev'.
Using the above estimate for ni (t), or L(t), one may calculate from the data the variation with t of the coeflicient F&~r (t) in Eq. (5.1). We find F(1) decreases only by a factor of 3 between t = 0 and t = -2.7 Bev'; that is almost nothing compared to the decrease of do/dk due to the factor (s/2miv')'~', which is of the order 10'.
This encourages the hope that most of the exponential behavior in t for small t comes from the coef6cient (s/2miv')' ' and little from the F(t). If we make that assumption, putting" do/dt =F(0) exp| -2~1~ni '(0) 1n(s/2m'')) (5.4) for small t, we find tri' (0) Dr. Taylor for illuminating discussions of this work. A theoretical discussion of inelastic Ã-37 scattering is given by S. Drell and Z. Hiida, ibr'd 7, 199 (1961 The normalization here is defined so that T(q, x) =Pl(2t+1)Pi(x) (sin5 ei'"/q) . 
with the same n and P, so that in T=T~+T the Regge terms are simply (P/sinmn)P ( -x).
If, however, an exchange potential is introduced as well, the situation changes. An exchange potential is a function of Z', and we may call it V, (Z'). 
